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<§) Methods and apparatus are provided for apply- 
ing a colorant material to the surface of a plastic 
insulation material which has been applied to an 
elongated material such a^ a metallic conductor (22) 
or an optical fiber which is being moved at any of a 
wide range of speeds along a path of travel. The 
colorant material is applied by nozzles which are 
Staggered along the path of travel and which direct 
the colorant into engagement with the plastic insula- 
tion material at different radial directions. A first 
plurality of noz2les (46-46) each cause the colorant 
to be in a spray pattern (45) which is in the area of a 
plane. 

Advantageously, those nozzles cooperate to sta- 
bilize the conductor and prevent undulations thereof 
as the conductor Is moved along its path of travel. A 
second plurality of nozzles (50-50) cause the col- 
orant to fcje in a solid conical pattern (53). The first 
and the second pluralities of nozzles are effective to 
cause substantially all the surface area of the plastic 



insulation on successive increments of length of the 
conductor to be covered with the colorant material. 
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METHODS OF AND APPARATUS FOR APPLYING A COATING MATERIAL TO ELONGATED MATERIAL 



Technical Field 

This invention relates to methods of and ap- 
paratus for applying a coating material to elongated 
material. 

Background of the Invention 



Plastic insulated wire for communications use, 
for example, generally is made by extruding plastic 
insulation about a moving wire. For identification 
purposes during use of the insulated wire, the 
insulation extrudate generally includes a colorant. 
In order to change colors, the extruding equipment 
has to be purged prior to its use with a plastic 
material having a different colorant Obviously, this 
requires much time and wastes much material. 
Furthermore, colorant materials used for such pur- 
pose generally are metallic based materials which 
results in an increased number of faults In the final 
product. 

It would be far simpler if all the manufactured 
wire could be made with a neutral insulation ma- 
terial such as a clear plastic, for example, and then 
colored subsequently. The changeover of colors in 
a marking apparatus, positioned after an extruder 
along a manufacturing line, is far less costly than 
changeover in the extruder and results in improved 
quality and performance. 

The application of a colorant material to a 
moving wire may be accomplished in any of sev- 
eral ways. For example, it could be applied by a 
contact device such as a wheel or it could be 
applied in a spray or stream by a nozzle. 

In the art of applying bands of different colors 
onto insulated wire, rt is known to employ appara- 
tus including a pair of hollow discs mounted on 
opposite sides of a wire advancing longitudinally 
along a predetermined path. Each of the discs is 
provided with a peripheral row of spaced radially 
directed apertures and colored fluid or ink, which is 
supplied to the discs, is forced outwardly through 
the apertures in the form of streams as the discs 
rotate. Streams of ink from one disc of the pair 
engage the advancing wire and apply color mar- 
kings onto one side thereof at regular intervals. The 
other disc of the pair, which is longitudinally offset 
from the one disc, applies markings of the same 
color to the opposite side of the wire in registration 
with the markings applied by the one disc to form 
annular bands of the color on the wire at regularly 
spaced intervals. See U.S. Patent 3.176.650. Such 
an arrangement has been found to be unsuitable 



for applying colorant to substantially all the surface 
of a plastic insulated wire. 

In the application of colorant material to plastic 
insulated wire, difficulty has been encountered in 
5 controlling the shape and opacity of colored mar- 
kings on the plastic insulated wire. Difficulty has 
been experienced where it is desirable or neces- 
sary to advance the insulated wire at a high rate of 
speed. As liquid colorant material is sprayed onto 
10 the insulated wire, generally at an angle of 90* to 
the path of travel of the insulated wire, the liquid 
colorant material could be accelerated instanta- 
neously up to wire speed, thereby causing high 
impact at high wire speeds. The liquid may re- 
ts bound off the wire, causing poor opacity. 

Preferably, the sought after arrangement for 
applying a colorant material to substantially the 
entire peripheral surface of a plastic insulated wire 
is non-contacting. One reason for this relates to the 
20 kinds of plastic materials which comprise the ex- 
trudate that is applied to the wire. In today's world, 
fluoropolymers have been found to possess a num- 
ber of desirable attributes. Accordingly, their use 
has proliferated. However, unlike some polyolefins 
25 such as polyvinyl chloride (PVC). for example, 
which are somewhat porous thereby allowing any 
colorant material to be applied to it either before or 
after it has been cooled, fluoropolymers generally 
are non-porous, necessitating application of col- 
30 orant material thereto while in a hot state after 
extrusion but prior to cooling. Should a contact 
device be used immediately after the extrudate has 
been applied, it would result in widespread de- 
formation of the plastic material. 
35 Further of importance is the need to stabilize 

the moving wire against undulatory movement. 
Otherwise, the resulting coloring could be non- 
uniform. Also, undesired undulations could cause 
the moving colored wire to engage undesirably 
40 wire guides or other equipment. 

Apparatus had been available in the market- 
place for the surface coloring of insulated wires 
having a relatively large diameter-over-dielectric 
(DOD) and cables in line with an extruder, allowing 
45 the extrusion of plastic material in one basic color. 
Such a system involved a high pressure ink pump 
and three nozzles attached to a ring and spaced 
about the periphery of an elongated material which 
was advanced through the ring. 
50 What is needed and what is not provided in the 

prior art are methods and apparatus for applying a 
colorant material to an elongated material having a 
relatively small cross section transverse to its lon- 
gitudinal axis in a manner which allows the elon- 
gated material to be moved at a relatively high rate 
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of speed. The sought after methods and apparatus 
should be capable of applying the colorant material 
in tandem with an extruder which applies plastic 
insulation material and the application of the col- 
orant material to the surface of the insulation 
should be such that it covers substantially the 
entire surface thereof. 

Summary of the Invention 

The foregoing problems of the prior art have 
been overcome by the methods and apparatus of 
this invention. In a method of coloring an elongated 
material, relative motion is caused to occur be- 
tween the elongated material and a source of a 
colorant material in a direction along a longitudinal 
axis of the elongated material. Colorant material is 
directed in spray patterns toward the elongated 
material in such a manner that substantially all the 
surface area of the elongated material is covered 
therewith. A first plurality of the spray patterns is 
such that each spray thereof occupies only an area 
of a plane and is at a predetermined angle to the 
axis of the elongated material with the first plurality 
being disposed between a colorant supply head 
and a takeup. A second plurality of spray patterns 
may be disposed between the colorant supply 
head and a payoff. Each of the second plurality of 
spray patterns is fully conical. The first and the 
second pluralities of the spray patterns are ar- 
ranged and spaced along the longitudinal axis of 
the elongated material. 

An apparatus for coloring plastic insulation in- 
cludes facilities for causing media means enclosed 
by plastic insulation to be moved along a path of 
travel. Spaced along the path of travel are nozzles 
which are arranged and spaced to direct colorant 
material from a source in spray patterns into en- 
gagement with the plastic insulation such that sub- 
stantially all the surface area of the plastic insula- 
tion is covered with the colorant. A first plurality of 
the nozzles cause the spray patterns of colorant 
material from each to be disposed in a single 
planar area. A second plurality of the nozzles are 
such that they direct the spray patterns of colorant 
therefrom each in a conical pattem. The nozzles of 
each plurality are spaced along the path of travel 
and are directed in different radial directions toward 
the insulation. The first plurality of nozzles is dis- 
posed between a colorant supply head and a 
takeup whereas the second plurality is disposed 
between the colorant supply head and an extruder 
which applies the plastic insulation to the wire. 
Advantageously, the cooperation among the first 
plurality of nozzles and their longitudinal and cir- 
cumferential spacing stabilizes substantially the 
moving plastic insulated media means against un- 
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desired undulations. 



Brief Description of the Drawing 

5 

FIG. 1 is an overall schematic view of a 
manufacturing line for coloring plastic insulation on 
a moving conductor wire; 

FIG. 2 is a cross sectional view of a metallic 
70 conductor, for example, which has been enclosed 
with plastic insulation material; 

FIG. 3 is a perspective view of a portion of 
the manufacturing line of FIG. 1 and shows a 
plurality of nozzles which are used to apply a 
15 colorant material to the plastic insulation; 

FIG. 4 is an enlarged view of one of the 
nozzles of FIG. 3; 

FIG. 5 is a perspective view of an arrange- 
ment which can be used to move the nozzles of 
20 FIG. 3 closer to or farther from the wire: 

FIGSi 6 and 7 are elevatlonal views of a 
portion of the arrangement of FIG. 5 for moving the 
nozzles closer to or farther away from the wire; 

FIG. 8 is a perspective view of a preferred 
25 embodiment which includes first and second plural- 
ities of spray nozzles; 

FIG. 9 is a view of a transition tube which is 
used for changing colors; and 

FIG. 10 Is a view of a housing for containing 
30 excess coating material. 

Detailed Description 

35 Referring now to FIG. 1, there is shown an 

overall schematic view of a manufacturing line 20 
for providing a plastic insulated conductor wire 21 
(see FIG. 2) and then for coloring the plastic. The 
description to follow is directed to the insulation 

40 and its subsequent coloring for a metallic conduc- 
tor, but it should be understood that the methods 
and apparatus of this invention also could be used 
to color plastic insulation that has been applied to a 
moving elongated material such as optical fiber, for 

45 example. 

A metallic conductor 22 is moved from a sup- 
ply reel 24 and advanced through a drawing ap- 
paratus 25 wherein the diameter of the wire is 
reduced. Thereafter, It is annealed In an annealer 

50 26, then cooled and reheated to a desired tempera- 
ture after which is it moved into and through an 
extruder 28. 

In the extruder 28. a plastic insulating material 
is applied to the moving wire to enclose it. Oesir- 
55 ably, the insulating material is a clear or neutral 
color plastic such as a fluoropolymer or polyvinyl 
chloride (PVC) for example. The details of the 
structure of the drawing apparatus, annealer and 
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extruder are all well known in the art and do not 
require elaboration herein. Afterwards, the plastic 
insulated wire is moved through a cooling trough 
31 by a capstan 33 and onto a takeup 35. A 
conventional marking device 32 may be used to 
appiy a band marking to the insulation. 

Between the extruder 28 and the takeup 35. a 
colorant material is applied to the plastic insulated 
wire. The location along the line 20 where it Is 
applied depends on the kind of plastic material 
comprising the extrudate. If the extrudate is a PVC, 
the colorant may be applied after the insulated wire 
is advanced out of the cooling trough 31. or before 
it enters the cooling trough. PVC exhibits porosity 
and even after it has been cooled, the colorant 
material will penetrate the insulation through the 
pores and hence provide a permanent coloring of 
the insulation. On the other hand, if the extrudate 
comprises a fluoropolymer, which is non-porous, 
the colorant material is applied at a location be- 
t^veen the extruder 28 and the cooling trough 31 . 

Notwithstanding Its location, a colorant material 
application apparatus 40 is included in the line 20 
and is effective to apply a colorant material to 
substantially the entire surface area of the moving 
insulated conductor 21. Advantageously, the ap- 
plication apparatus 40 is a non-contact device. 
Preferably, the colorant material is an Ink such as 
No. 3616, for example, available commercially from 
GEM Gravure Co. of West Hanover, Mass. 

As can best be seen in FIG. 3, the apparatus 
40 includes a manifold head 42 which is connected 
to a source of supply (not shown) of colorant ma- 
terial. The head 42 has an annular shape to allow 
the plastic insulated conductor to be advanced 
therethrough. Extending from one side of the mani- 
fold head 42 are a plurality of tubular support 
members 44-44 which are connected through the 
manifold head to the source of supply. Attached to 
each tubular member 44 is a nozzle 46 which has 
an entry port that communicates with the passage- 
way through its associated tubular member. 

Each nozzle 46 is one which is adapted to 
provide a particular spray pattern of the colorant. 
Preferably the nozzle 46 emits colorant material 
therefrom in a single plane or sheet 45 (see FIGS. 
3 and 4). 

Also, each nozzle 46 is positioned on its asso- 
ciated tubular member to emit its spray in a plane 
which is at a particular angle a (see FIG. 4) to the 
path of travel of the plastic insulated wire. The 
angle a is such that the spray has a component 
parallel to the path of travel of the insulated wire 
but in a direction opposite to the direction of move- 
ment of the insulated wire. Preferably, that angle a 
is in the range of about 135' to 135' . Because of 
the direction of the spray pattern, the velocity com- 
ponents tend to provide a smoothing action on the 



ink and thereby prevent excessive buildup. The 
result is a surface having a substantially uniform 
coating thereon. 

It should be also observed that in addition to 

5 the predetermined angle at which the nozzles are 
disposed, there are other factors about their posi- 
tions which are important (see again FIGS. 3 and 
4). First, the nozzles are staggered along the path 
of travel of the plastic insulated wire. The stag- 

70 gered arrangement prevents interference among 
the spray patterns. Secondly, the nozzles are gen- 
erally equiangulariy spaced about the periphery of 
the plastic insulated wire. Thirdly, each of the noz- 
zles is spaced about one half inch from the path of 

75 travel of the insulated wire. It has been found that 
as the distance increases beyond one half inch, 
less coverage of the plastic insulation with the ink 
is experienced. 

Movement of the nozzles toward or away from 

20 the insulated wire 21 may be accomplished with 
the arrangement shown in FIGS. 5-7, In the ar- 
rangement shown in FIGS. 6-7. the manifold head 
42 may comprise a fixed annular member 41 which 
is connected to source of colorant material and a 

25 rotatable member 43. The rotatable member 43 is 
disposed adjacent to the fixed member 41 and 
Includes a plurality of arcuate camming slots 47-47. 
Each tubular member 44 extends through an open- 
ing 48 in a pivotally movable sealing member 49 

30 and through one of the slots 47-47. By turning the 
member 43, each tubular member is moved along 
its associated slot 47 in the member 43 and hence 
the nozzles are caused to be moved closer to or 
farther away from the insulated wire 21. The move- 

35 ment of the nozzles toward the path of travel of the 
insulated wire can be seen by viewing the se- 
quence of FIGS. 6 and 7. Each pivotally mounted 
sealing member is a laminate comprising a sealing 
material and a backing material so that the member 

40 43 creates a seal against the tube moving rotatable 
member 43. Also, the moveable memt}er 43 is 
sealed along a peripheral edge surface that over- 
laps the fixed member 41 . 

The nozzles 46-46 also are advantageous from 

45 another standpoint. Important to the uniform coat- 
ing of the plastic insulation is its improved stability 
against undesired undulations as it is advanced 
through the applicator apparatus. It has been found 
that because of the spray patterns emitted from the 

50 nozzles 46-46. the plastic insulated wire is substan- 
tially free of any undulations from its desired path. 

It should be observed from the drawings that 
the nozzles 46-46 are disposed between the mani- 
fold head 42 and the takeup. It has been found that 

55 the coloring operation is enhanced by disposing a 
second plurality 51 of spray nozzles (see FIG, 8) 
between the manifold head 42 and the extruder 28. 
Each of the nozzles of the second plurality 51 is 
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designated by the numeral 60. 

Unlike the nozzles 46-46. each of the nozzles 
50-50 provides a solid cone-shaped spray pattern 
53 of the colorant material. Each nozzle 50 pro- 
vides a uniform spray of medium to large size 5 
droplets. Such a. nozzle is commercially available, 
for example, from the Spraying System Company 
of Wheaton, Illinois under the designation Full Jet® 
nozzle. Spray angles between opposed lines on the 
outer surface of the spray pattern may be in the to 
range of from about 40* to about 110* . 

Also as can be seen in FIG- 8, each nozzle 50 
is supported from a tubular member 52 which 
projects from the manifold head 42. Colorant ma- 
terial provided to the head 42 is caused to flow 75 
through each of the tubular members 52-52 and to 
the nozzles 50-50. 

The nozzles 50-50 are disposed to reduce in- 
terference among the spray patterns and to en- 
hance the coverage of the colorant material on the 20 
surface of the plastic insulated wire. As can be 
seen in FIG. 8. the nozzles are staggered along the 
path of travel of the plastic insulated wire such that 
the spray patterns are spaced apart. Also, the 
nozzles 50-50 are arranged about the path of travel 25 
of the insulated wire so that each is directed in a 
different radial direction and preferably so that they 
are spaced equiangularly about the moving wire. 

Although the nozzles 50-50 enhance the cov- 
erage of the surface area of the plastic insulation, 30 
they also tend to cause undulatory movement of 
the traveling insulated wire. However, this effect is 
muted by the nozzles 46-46 each of which pro- 
vides a sheet spray. 

A further advantage of the foregoing described 35 
arrangement is that it is capable of providing the 
colorant material at a relatively low pressure, e.g. in 
the range of about 2109 Kg/square meter. Not only 
is such a low pressure system less expensive than 
one involving high pressure, but also it avoids an 40 
excessive amount of misting or atomizing. Should 
there be excessive misting or atomizing of the 
colorant material, the misted or atomized material 
would have to be condensed and recirculated 
which requires additional capital investment. 45 

The system of this invention also includes fa- 
cilities for affecting cutover from one colorant ma- 
terial to another as the insulated wire continues to 
be moved along the path of travel. A second mani- 
fold head 58 (see FIG. 9) identical to the manifold so 
head 42 and having first and second pluralities of 
nozzles is provided. Further, a shroud 60 which is 
mounted for reciprocal movement by an air cyl- 
inder 62. for example, is interposed between the 
two manifold heads. The manifold head 58 is oper- 55 
ative to supply colorant to its associated nozzles to 
coat the wire insulation. When it is desired to 
change colors, the flow of colorant material to the 
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head 42 currently not in use is begun and the air 
cylinder is controlled to cause the shroud to be 
moved to the right as viewed in FIG. 9 to shield the 
moving insulated Wire from the nozzles 46-46 and 
50-50 of the head 58. The colorant material to the 
head 42 from which the shroud has been moved is 
sprayed by its associated nozzles onto the moving 
insulated wire. Shortly, afterwards, the flow of col- 
orant material to the head 58 is discontinued. 

Advantageously, the shroud arrangement may 
be used to facilitate the cleaning of the apparatus. 
When one of the heads 42 or 58 is not in use and 
its nozzles shrouded from the moving insulated 
wire 21 , a cleaning liquid is flowed through the 
tubular members and nozzles of the unused head 
to clean them. 

The system of this invention may also include 
provisions for avoiding splashback of the unused 
colorant material onto the insulated wire. As is seen 
in FIG. 10. the manifold head 42 may be enclosed 
In a housing 70 from a lower portion of which 
extends a drain 72. Within the housing is disposed 
a centrifugal fan 74 which is turned by a motor 76. 

Advantageously, the rotation of the fan is such 
as to cause unused portions of the ink dispensed 
from the nozzles to be moved outwardly into en- 
gagement with an inner surface of the housing. The 
unused ink flows along the housing wall to the 
drain and thence to recirculating facilities for reuse. 
This arrangement prevents ink from rebounding 
from the housing and re-entering the coating area 
and onto the wire which could result in a non- 
uniform coating. Also, by reversing the direction of 
rotation of the fan. a cleaning medium is caused to 
be kept within the fan and about the nozzles and 
manifold head to clean thoroughly those portions of 
the apparatus. 

It is to be understood that the above-described 
arrangements are simply illustrative of the inven- 
tion. Other arrangements may be devised by those 
skilled in the art which will embody the principles 
of the invention and fall within the spirit and scope 
thereof. 



Claims 

1. A method of applying a coating material to 
the outer surface of an elongated material, said 
method comprising the step of causing relative 
motion between the elongated material and a 
source of coating materia! along a path of travel in 
a direction along the longitudinal axis of the elon- 
gated material, said method being characterized in 
that 

spray patterns of the coating material are directed 
toward the elongated material in such a manner 
that at least each of a plurality of the spray patterns 
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occupies only an area of a plane and such that the 
direction of each of the plurality of spray patterns is 
at a predetermined angle to the path of travel, the 
plurality of spray patterns of the plurality being 
staggered along and spaced generally equiangular- 5 
ly about the path of travel and cooperating to 
prevent unintended undulations of the elongated 
material as the relative motion is caused to occur. 

2. The method of claim 1, wherein first and 
second pluralities of spray patterns are arranged io 
along the path of travel with the spray patterns of 
each plurality being spaced apart along the path of 
travel, the spray patterns of the first plurality each 
being in a single plane and at a predetermined 
angle to the path of travel, and wherein each of the is 
second plurality of spray patterns has a solid coni- 
cal shape. 

3. The method of claim 1, wherein the elon- 
gated material is moved along the path of travel 

and the predetermined angle is such that the direc- 20 
tlon of the spray pattern has a horizontal compo- 
nent in a direction opposite to the direction in 
which the elongated material is moved. 

4. The method of claim 1. wherein colorant 
material is moved from a source into a manifold 25 
and distributed to each of a plurality of spray 
nozzles and said method further includes the steps 

of interposing a tube between the elongated ma- 
terial and the nozzles of the manifold and thereafter 
causing a colorant to be emitted from another 30 
manifold and directed toward the elongated ma- 
terial. 

5. The method of claim 1. wherein the step of 
applying coating material includes the step of ap- 
plying colorant material to a plastic material In 35 
tandem with the application of the plastic material 

to the elongated material, and the plastic material 
is a fluoropoiymer plastic insulation material. 

6. A method of making an insulated conductor 
wherein media means is enclosed In a plastic in- 40 
sulation material, said method including the steps 

of applying a plastic insulation material to the me- 
dia means, applying a colorant material to the 
plastic insulation material in accordance with the 
steps of claim 1 and taking up the colored, in- . 46 
sulated media means. 

7. An apparatus for applying a colorant material 
to a plastic insulation material which encloses an 
elongated material, said apparatus comprising 
moving means for advancing successive Incre- so 
ments of length of an elongated material enclosed 

by a plastic insulation material along a path of 
travel and a source of colorant material, said ap- 
paratus being characterized in that 
spray means are connected to said source for 55 
directing a plurality of spray patterns of the col- 
orant material toward and into engagement with the 
plastic insulation, the spray patterns being stag- . 



gered along the path of travel and directed in 
different radial directions to the path of travel with 
each of at least some of the spray patterns being 
disposed in a single plane only and being effective 
to stabilize the elongated material to prevent un- 
dulations of successive increments of length there- 
of as the colorant material is applied to the plastic 
insulation. 

8. The apparatus of claim 7, wherein the plural- 
ity of spray pattems are applied by a first plurality 
of spray nozzles and a second plurality of spray 
nozzles, each of said second plurality being adapt- 
ed to apply the colorant material substantially in a 
solid conical shape. 

9- The apparatus of claim 8, wherein each of 
the first plurality of nozzles is effective to apply the 
colorant material into engagement with the plastic 
insulation material on successive increments of 
length of the elongated material at a predetermined 
angle to the path of travel and in a direction which 
has a horizontal component in a direction opposite 
to the direction in which the elongated material is 
being advanced, and wherein each said plurality of 
nozzles are staggered along the path of travel and 
spaced generally equiangularly about the moving 
elongated material. 

10. The apparatus of claim 8, wherein said 
spray means includes a first manifold which is 
connected to said source and to which are con- 
nected said first and second pluralities of nozzles, 
said nozzles being mounted on means attached to 
said manifold in such a manner that said nozzles 
can be moved closer to or farther from the path of 
travel, and wherein said apparatus also includes a 
second manifold being connected to a source of 
colorant material and having connected thereto first 
and second pluralities of nozzles which are iden- 
tical to the nozzles of said first and second plural- 
ities which are connected to said first manifold, 
said apparatus also including a tubular member 
adapted to be disposed selectively between the 
elongated material and the nozzles of said first 
manifold or between the elongated material and the 
nozzles of said second manifold to prevent the 
colorant material from one of said manifolds from 
being deposited on the plastic insulation material 
and to facilitate the application of colorant material 
from the other of said manifolds to the insulation 
.material on the elongated material, and sherein 
said apparatus also includes housing means dis- 
posed about said spray means and means dis- 
posed within said housing means for causing ex- 
cess colorant material to be moved outwardly from 
the plastic insulation material into engagement with 
said housing means, said apparatus also including 
recirculation means connected to said housing 
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means for accumulating and recirculating unused 
colorant material to said spray means. 
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Methods of and apparatus for applying a coating material to elongated materlaL 

(g) Methods and apparatus are provided tor applying a 
colorant material to the surface of a plastk: insulation material 
which has been applied to an elongated material such as a 
metallic conductor (22) or an optical fiber which is being moved 
at any of a wide range of speeds along a path of travel. The 
colorant material is applied by nozzles which are staggered 
along the path of travel and which direct the colorant into 
engagement with the plastic insulation material at different 
radial directions. A first plurality of nozzles (46-46) each cause 
the colorant to be In a spray pattern (45) which Is in the area of a 
plane. 

Advantageously, those nozzles cooperate to stabilize the 
conductor and prevent undulations thereof as the conductor is 
moved along its path of travel. A second plurality of nozzles 
(50-50) cause the colorant to be in a solid conical pattern (53). 
The first and the second pluralities of nozzles are effective to 
cause substantially all the surface area of the plastic insulation 
on successive increments of length of the conductor to be 
covered with the colorant material. 
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